The preservation of the complementary activity of guinea-pig serum by drying from the frozen state is now a routine procedure in many laboratories. We have shown 1 that the duration of potency in the dry form may be extended to over three years by use of the Cryochem 2 process. However, certain technical precautions in the initial preparation of the serum prior to desiccation are essential to achieve this result. The serum should be in process of desiccation within a few hours following the bleeding of the animals. If this is not possible the serum should, in the meantime, be kept frozen 1 . In preparing pools from the serum of a large number of animals this may offer some difficulty. Similarly, there would be difficulty in following Giordano's recommendations 3 . His procedure is one of testing of the serum from individual guinea pigs and then using only the serum from satisfactory ones. For preparation of Cryochem dried pools, this would necessitate freezing of many small amounts and thawing, probably for practical purposes not thawing until the next day, in order to pool the proper serums. This would be inconvenient, yet not to freeze would result in a final product not equivalent to that prepared from fresh serum with respect to duration of potency in the dry state. We have found great advantage in following Giordano's recommendations and have desired to prepare large uniform pools of dry serum from only satisfactory animals, which when dry would maintain all the potency possessed when freshly bled.
The use of sodium acetate, according to Rhamy, for preservation of complementary activity has long been known 4 . Rhamy recently has given an extended historical sketch of this subject 6 . For some purposes the degree of preservation afforded by such chemical preservation is adequate. The exact duration of unaltered activity, however, is uncertain, and may vary from batch to batch 6 . The advantage, therefore, of the greater certainty and the more extended duration of uniformity of the complementary activity of serum in dry form seems to warrant the use of vacuum desiccation from the frozen state 6 . In this latter connection it is necessary to consider not only the size of the investment being made in animals for such a large pool, so that the method of preservation must be positively certain, but also the better results obtainable with such a dry reagent which may be used reliably as a standard over a long period 6 . These considerations enter particularly when advantage of an annual low seasonal price of animals is taken for preparing in advance a supply for the best part of a year or more.
We believed, however, that by combining the two methods of preservation, advantages could be realized that were possessed by neither alone, and upon trial we have found that to be the case. In the first place, the serious losses in activity which may result from delaying the desiccation too long after bleeding the animals are eliminated. Large uniform pools may be obtained which contain only satisfactory serum on Giordano's basis and which also have the full initial high potency as freshly bled. In the second place, daily liquid residues from restored containers of the dry serum need not be wasted. In fact, two or three days' supply may be placed in a single container.
Because it is desirable not to raise the concentration of sodium acetate higher than it need be in order not to lower the freezing point excessively, we have not used 20 per cent sodium acetate which Rhamy more recently has recommended 6 . A lower concentration, as originally recommended by Rhamy 4 , is quite adequate, particularly when for the major portion of the storage period the serum is to be kept in dry form. Toluene as a bacteriostatic agent is undesirable in a vacuum system of desicca- , as well as Rhamy's original lower concentration of sodium acetate which the workers mentioned found to be adequate.
METHOD
Our method is to bleed the animals and centrifuge immediately after the clot has formed. To the individual portions of serum is added immediately an equal volume of the stabilizing solution containing 12 grams of anhydrous sodium acetate, or 20 grams of the crystalline salt, and 4 grams of boric acid per 100 ml. of sterile distilled water. In bleeding very large numbers of animals it is advisable to separate the serum and to add this stabilizing solution without waiting to complete the bleeding of all the animals. Finally, before dispensing the serum into vials for desiccation, a pool of the proper individual portions is made in a single large container. Finally the serum is dried from the frozen state as previously described 1 • 2 , but preferably in the improved chamber type of Cryochem apparatus 11 . Drying on external manifolds with the stabilizing solution present is somewhat more difficult. The appearance of the final dry product is quite different, the higher salt content causing a "fused" appearance and a loss of the porous, net-like and friable structure which the desiccated products normally have. The solubility characteristics, however, are unimpaired and are excellent.
The serum is restored as usual by the addition of distilled water, using only a volume equal to the actual serum placed in the individual container and not including that of the stabilizing solution. This yields a 12 per cent final concentration of sodium acetate, which is double that existing prior to desiccation. For use in the Wassermann reaction this original volume is then diluted further with 0.85 per cent salt solution as usual, but this further dilution is not made until just before the complement is to be used in the test. Excess concentration of sodium acetate in no way interferes with the use of the complement in the Wassermann reaction; actually the amount present becomes extremely diluted when used in the test. Even a saturated solution of sodium acetate, like sodium chloride, is not hemolytic or anticomplementary 5 . In the present case the stabilizing solution becomes diluted to about 0.12 per cent in the actual Wassermann test, which is only negligibly hypertonic, namely 10 per cent. This is too low to cause any inhibitory action on biological hemolysis.
RESULTS
Tests made with this restored serum by the same methods used previously 1 show its activity not to have been reduced detectably as a result of processing. In parallel titrations with fresh complement in the Wassermann reaction the two are indistinguishable. Following storage for several months in the dry state, either under normal refrigeration or at room temperature, the stabilized serum upon restoration with water has been found to have retained its stabihzed properties when the restored liquid, undiluted beyond the original volume of the serum, is kept longer under normal refrigeration. The longest period over which the restored liquid has been kept is four weeks and during that time there was no detectable loss in activity.
Duration of potency of the stabilized product at 37°C, while still dry, however, is not extended beyond the few weeks obtainable at this temperature with standard Cryochem serum 1 . When it is restored within these few weeks it does, nevertheless, have its stabilized properties fully retained upon subsequent storage of the liquid in the refrigerator.
It has been observed that sera undergo a loss in CO2 during desiccation with a consequent elevated pH of the restored product 12 . The addition of the stabilizing solution lowers the initial pH of the serum prior to desiccation so that the final value of the dry serum upon restoration is less elevated. None of the effects noted in this communication, however, are attributable to the condition of pH. We have duplicated the changes in pH by the addition of dilute hydrochloric acid to the serum, 1.2 ml. of N / 1 HC1 per 100 ml. of serum. The activity characteristics of this portion were in all respects equivalent to the pH unadjusted portion of the same pool, whereas the characteristics of the third portion to which the stabilizing solution had been added were those as described herein. In table 1 are given the pH values of each of the three portions of the same pool.
DISCUSSION
The question has been raised as to the reliability of chemical preservation of the complementary activity of serum, particularly in justification of its use in preparation of a stable, uniform reagent 6 . However, we believe it is justifiable to use it in conjunction with desiccation as just described. This is because prior to desiccation it is relied upon only as a substitute for overnight freezing 1 , or at the most for one or two days, in order to simplify the coordination of bleeding animals, testing of serum from individual animals and preparation and desiccation of the final pool of serum. Following restoration of the dry product, the chemical preservation should be depended upon for not more than two or three days in cases where the uniformity of the product is relied upon as a substitute for daily titration of the complement as recommended by Eagle 6 . Alternatively, in the event that in a given laboratory the undelayed beginning of desiccation following bleeding of the animals is not a problem, the stabilizing solution may be substituted for the distilled water used in restoration of the dry product. The slight added cost of drying the water content of the stabilizing solution added to the fresh serum is thereby eliminated, yet the advantages of a stabilized restored Cryochem complement are obtained.
SUMMARY
By addition of a stabilizing solution, the complementary activity of guinea pig serum may be rendered sufficiently stable to simplify the initial preparation of large uniform pools prior to desiccation from the frozen state, particularly when following the recommendations of Giordano. After restoration of this dry product the standard activity may be relied upon to be retained uniformly without loss for a period of a few days during storage of the restored liquid in the refrigerator. An improved procedure a n d apparatus for preservation of sera, microorganisms and other substances.
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